The paper aims to reconstruct peak discharges of historic floods in an urbanized area of the historic city of Prague based on documentary sources from pre-instrumental and the early instrumental period . Approximately 20-30 maximum water levels are denoted by flood-marks, accounts describing or related at unchanged sites, or by early instrumental measurements. The challenge in this reconstruction is the identification and consideration of man-made floodplain modifications influencing the cross-section area and the hydraulic roughness. In order to overcome this problem, a simple approach to estimate peak discharges of historic floods has been developed and applied to the River Vltava. This approach includes a procedure for reconstructing the hydraulic parameters of the river channel and inundated floodplain, coupled with an approach for the verification of estimated peak discharge reliability. As a result of the different hydraulic 
INTRODUCTION
The estimation of contemporary flood magnitudes and historical flood water level can provide important information. Historic flood levels can be found as epigraphic markings on historic buildings identifying the maximum flood level, or detailed accounts detailing seasonality, magnitude, and causative mechanisms can be found in documentary sources (Macdonald ) . Typically, written descriptions are qualitative, such as this from the year 1118: 'Because our River Vltava, suddenly left its riverbed, oh how many villages, how many houses in the settlement below the castle, how many dwellings and churches it has taken away with the torrent!' (Brázdil et al. ) . After careful interpretation and analysis, descriptive accounts can be used as an indicator of flood level and frequency during historic times, depending on the quality and quantity of the data. The approach of incorporating historical information into flood frequency analyses, augmenting gauged flood events, is well established, albeit it has to deal with the serious problem of statistical unsteadiness of datasets The main challenge remains the identification of manmade floodplain modifications influencing the cross-section area and the hydraulic roughness. In order to overcome this problem, a simple approach to estimate peak discharges of historic floods has been developed and applied to the River Vltava at Prague. This approach includes a procedure for reconstructing the hydraulic parameters of the river channel and inundated floodplain, as well as a final verification of the reliability of estimated peak discharges. In this paper we focus on accurate and reliable documented cases with respect to their peak water levels. The flood level of 1481 is the first to be presented in relation to the Bradác, (Elleder ) , an 80-cm high gothic relief of a head of a bearded man, in the wall near Charles Bridge; it has been used since to mark the greatest floods (Figure 1 ).
HISTORIC FLOOD LEVELS IN PRAGUE
Eighteen floods between 1481 and 1736 are documented by the water level reaching different parts (beard, mouth, nose, eyes and forehead) of the relief. The uncertainty of these records is estimated to be around 5-10 cm. The peak flood levels for the extreme floods of 1581 and 1598 were described as height above the head of Bradáčin Prague cubits (59 cm) and half-cubits (29,5 cm), i.e., with an approximated uncertainty of around 30 cm. 
PARAMETERS FOR THE ESTIMATION OF PEAK DISCHARGES
Based on the empirical Manning equation for mean flow velocity (Chow ), peak discharges for the selected historical flood events are estimated as
with Q p peak discharge, A p cross-section area during the highest flood level, R p hydraulic radius during the highest flood level, S slope and n hydraulic roughness coefficient according to Manning. As will be explained in detail below, the peak discharge is calculated separately for four individual elements of the cross-section area and subsequently summed to a single value for the flood event. This approach was first applied by Herget & Meurs () for the estimation of historic flood levels in Cologne, Germany.
Cross-section area (A)
The reconstruction of inundated floodplain areas is based on maps, etchings and drawings from historic times. Table 2 summarizes the most important documentary sources detailing floodplain changes and epigraphic markings. Due to the long history of the city of Prague, this material was compiled in the archives of Prague and covers most periods contemporary with the floods listed in Table 1 . Based on these illustrations, topographic changes including land use of the floodplain can be traced back through time (Table 3) During the entire period of interest in this study, the fundamental components of the cross-section profile remained insignificantly modified aside from the floodplain. Considering different generalization styles within the maps, the settlements gradually occupy larger areas.
Hydraulic radius (R)
The hydraulic radius is calculated as R ¼ A/P, with crosssection area (A) and wetted perimeter (P). Like the crosssection area, the wetted perimeter can be determined from 
Manning's roughness coefficient (n)
Estimating the hydraulic roughness is the principal challenge in reconstructing flood discharges. Numerous factors influence the values, changing by place and time. Elements affecting the hydraulic roughness (Chow , pp. 101f) are considered in the algebraic form of:
with n 1 surface roughness, n 2 vegetation, n 3 channel irregularity, n 4 channel alignment, n 5 silting and scouring, n 6 obstruction, n 7 stage and discharge, n 8 sediment load (density of water), n 9 seasonal changes, and m being a correction factor for meandering of the channel. For each of the four elements of the cross-section profile, a roughness coefficient n is estimated to take into account individual aspects of hydraulic roughness. Elements of uncertainty remain and to quantify these, a range for each factor of importance in each cross-section element mentioned above is given as n x min < n x < n x max and a most plausible value n xp listed. The evaluation of Manning's n will be undertaken in four sections: the left bank, main channel, floodplain on the right bank and Old Town, and these are detailed in the following sections.
Prague district Malá Strana
The left river bank of the river was settled and urbanized during the entire period considered within this investigation, with increasing density after 1550 (Hlavsa & Vancǔra ).
As a result of the narrow and winding roads and lanes it is expected that the mean flow velocity is assumed to be practically zero. This is confirmed by personal observations during the severe flood of 2002, during which large parts of the modern wide roads were inundated by virtually standing water, with no visible downstream movement of water.
By algebraic expression, the value of obstruction roughness 
River channel
Recent investigations reveal that the channel bottom of the River Vltava in Prague consists of coarse gravels with minor irregularity expressed within bed forms (Geological profile 1890). According to Chow (, pp. 101f), this can be transferred to a surface roughness factor of 0.026 < n 1 < 0.028 with n 1p ¼ 0.027 and a channel irregularity of 0.002 < n 3 < 0.008 with n 3p ¼ 0.004. The channel has a minor degree of curvature that can be transferred to a channel alignment value of 0.000 < n 4 < 0.004 with n 4p ¼ 0.002 (Chow ) . The factor of obstruction has also a minor effect with a value of 0.000 < n 6 < 0.004 with n 6p ¼ 0.002.
The correction factor for channel meandering is m ¼ 1.05, reflecting the slight arc in the river at the profile location. During high flood levels, vegetation (n 2 ) within the channel and along the river banks is of minor hydraulic influence. According to scale, silting and scouring (n 5 ) are also of minor importance. Due to the separation of the cross-section area into different elements, which are studied individually, stage and discharge effects (n 7 ) are negligible.
The influence of sediment load (n 8 ) cannot be quantified directly and, as a result, the generalizing empirical character of the Manning equation is assumed to be less important.
Seasonal changes (n 9 ) mainly influence the vegetation and are not of significant influence for the river channel itself.
As such, the hydraulic roughness for the channel is in the range of 0.029 < n < 0.046 with a plausible mean value of 
The historic city centre (district Staré Mešto)
For the area of the historic city centre located on the eastern bank of the river, estimates that are comparable with those for the district Malá Strana can be assumed. Most roads and lanes in this district are orientated perpendicular to the main direction (Figure 2) . Hence, the urban area within the cross-section profile is not considered for discharge estimation because of the significant high hydraulic roughness caused by obstructions n 6 .
RESULTS AND RELIABILITY CHECK
Based on the data and derived parameters, peak discharge for historic large-scale flood events were estimated ( Figure 6 ). The principle of the approach is illustrated by the flood event of 1501 (Table 4) Under the assumption that the ratio between discharges in Prague and Dečín remains the same, i.e., the discharge in Dečín represents about 92% discharge in Prague. The estimate therefore of the 1501 peak flood discharge in Prague is 4,100 m s À1 . If we used the current gauge rating curve for Dečín, the peak discharge would be equal to 3,800 m 3 s À1 ; Figure 7 demonstrates the relationship between the flood peak discharges in Prague and Dečín. Glaser ).
DISCUSSION

CONCLUSION
Our results for Prague clearly show that the approach to the peak discharge estimation of historic flood levels in a settled area presented in this paper can successfully be applied. 
